ABSTRACT Chronic lower respiratory diseases (CLRDs) are a major cause of morbidity and mortality worldwide. The objectives of this study were to estimate the trends in CLRD mortality in Italy, and the specific contributions of age, time period and birth cohort in driving these trends.
Introduction
Chronic lower respiratory diseases (CLRDs) are a group of pathologies that obstruct the lungs, which mainly includes chronic obstructive pulmonary disease (COPD) and asthma. CLRDs are an important cause of morbidity and mortality; the most deadly is COPD, which represents the third cause of death worldwide [1] . The prevalence of COPD increases rapidly with age, and its morbidity and mortality are particularly significant in the elderly [2] . In Italy, about one out of four people aged 65-84 years suffers from COPD or asthma, which coexist in a substantial proportion of subjects [3] .
Italy is one of the countries with longest life expectancy in the world, and CLRDs have a great social and economic impact in Italy [4, 5] . In 2012, CLRDs caused about 22 000 deaths in Italy (3.6% of the total), ranking as the fourth cause of death, after cardiovascular diseases, tumours of the airways and Alzheimer disease [6] .
The study of the temporal trends of CLRD mortality, and of how they relate to time period, birth cohort and age of the subjects, may help to better understand the aetiology of the disease, and to address clinical and public health strategies. In this work, the trends in CLRD mortality between 1979 and 2010 in Italy were estimated, analysing the specific contributions of age, period and cohort in driving these trends.
Methods

Data sources
Mortality data on chronic lower respiratory diseases (CLRDs) and population data for the period 1979-2010 in Italy were obtained from the World Health Organization (WHO) cause-of-death query online application (http://apps.who.int/healthinfo/statistics/mortality/causeofdeath_query/start.php). For each calendar year, data were reported by sex and age, tabulated in 5-year age groups and specific underlying cause of death, defined as "the disease or injury which initiated the train of morbid events leading directly to death" in accordance with the rules of the International Classification of Diseases (ICD). Three different ICD versions have been used to classify the causes of death during that time period: the ICD Ninth Revision (ICD-9) basic tabulation list from 1979 to 1995, the ICD-9 detailed full list from 1996 to 2002 and the ICD-10 detailed full list from 2003 to 2010. The specific ICD codes included in this study are shown in table 1. Mortality data for 2004 and 2005 were not present in the database, while data recorded from 1951 to 1978, which had been coded using the ICD-7 and ICD-8 (tabulation list), were not included in this study because of the impossibility of isolating specifically the deaths due to CLRDs from other respiratory diseases.
Data analysis
Approximate birth cohorts were estimated by subtracting the midpoint of the 5-year age group from the corresponding calendar year. Incidence rates, reported by sex and age group, were calculated by dividing the total number of deaths for each cause by the population at risk in the equivalent time period. Age-standardised mortality rates (ASRs) per 100 000 person-years in males and females for each year from 1979 to 2010 were calculated using the 2013 European Standard Population as reference [7] .
As deaths for CLRDs were extremely rare in young ages, and since the over-85 population was grouped together for some of the considered years in the WHO's cause-of-death query online application, the age-period-cohort (APC) analyses were restricted to the population aged 35-84 years.
Temporal trends of mortality are driven by the merged effects of age, time period and birth cohort. In the present study, an APC analysis, based on a Poisson regression model, was performed to disentangle the independent effects of age, cohort and period. Because of the exact link between the three variables (e.g. the age at death can be calculated directly by the difference between the date of death and the date of birth), the APC models suffer from the so-called identifiability problem. Thus, to obtain identifiable answers for each of the temporal parameters, the models need to be constrained to ensure that three functions showing the age, time period and birth cohort effects can be identified [8] .
Using this approach, a "drift" parameter, which represents the sum of the overall linear time trend for time period and birth cohort effects, was extracted. Deviations from linearity (curvature), which can be uniquely attributable to cohort or period effects and are not dependent on any model constraint, are then interpreted as specific cohort and period effects [9, 10] .
The birth cohort and time period effects were displayed as rate ratios (RR). The last time period available in our data (2010) was set as a reference period and the drift parameter was included in the time period effect, making the age effect interpretable as age-specific rates in the 2010 after adjustment for cohort effects. The cohort effect function was set to 1 on average with 0 slope, and is interpretable as the cohort-related RR after adjustment for age and period [8] .
Age, time period and birth cohort estimates were modelled by natural cubic spline functions, with five knots at subsequent quantiles for age, period and cohort [8] . APC effects were calculated separately for males and females, and age-specific male-to-female ratios were derived from age effects after adjusting for birth cohort and time period effects.
Data analyses were performed using STATA 13.1 (StatCorp, College Station, TX, USA) and the Epi package in R 3.1.1 (www.r-project.org) [8, 11] .
Results
Specific cause of death from CLRDs
Between 2006 and 2010, the main cause of mortality from CLRDs was COPD/emphysema (ICD-10 codes J43-J44), which accounted about 78.6% and 84.8% of the total CLRD deaths in women and men, respectively, followed by chronic bronchitis ( J40-J42) (figure 1). Asthma ( J45-J46) was responsible of about 3.7% of CLRD deaths in women and 1.5% in men, while bronchiectasis ( J47) represented <1% of the total deaths for CLRDs. remained almost unchanged in men, passing from 46.2 per 100 000 person-years in 1979 to 47.4 in 2010, while they increased from 18.7 to 27.0 (+44%) in women (figure 2). However, in the same period, the ASRs dropped from 32.2 to 19.6 per 100 000 person-years in women, and, more noticeably, from 104.3 to 55.4 per 100 000 person-years in men.
Trends in mortality from CLRDs
Figure 3 summarises the crude age-specific mortality rates in men and women, stratified by calendar year and birth cohort. In all birth cohorts and time periods, the mortality rates increased exponentially with age, and visibly decreased in more recent birth cohorts and time periods. In relative terms, the mortality rates decreased more softly in the most elderly group ages; for example, the rates declined by −38% in the 80-84-year age group (from 454 to 282 per 100 000 person-years) compared to a drop of −78% in the 60-64-year age group (from 48.5 to 10.8 per 100 000 person-years) (table 2) .
APC effects on mortality from CLRDs
The independent effects of age ( plotted as mortality rates relative to the year 2010), birth cohort and time period ( plotted as RRs) were evaluated through APC analysis and are illustrated in figure 4 .
The analysis of deviance for the APC regression models indicated that the linear time trend (drift) was the most relevant determinant to explain the variation over time of asthma incidence rates (table 2S) . Moreover, birth cohort and time period significantly contributed to deviations from linearity (curvatures) in the trends of mortality.
Overall, during the period 1979-2010, the rates of mortality averagely decreased by −3.6% per year in men and −2.7% per year in women (weighted drift) (figure 4). This indicates that, in the 30 years between 1980 and 2010, the mortality rates decreased by about three-fold in men and two-fold in women. In both men and women, the deeper decrease was observed between 1985 and the second half of the 1990s, when the rates underwent a substantial stabilisation, especially in women, interrupting the otherwise linear decrease in mortality trends. After adjusting for age and period, the mortality risk for CLRDs was lowest in subjects born in more recent cohorts compared to those born in the 1920s, who had the highest risk. This suggests that, while mortality rates decreased across all ages, the rates decreased primarily in younger subjects. For example, it can be observed that between 1980 and 2010 the mortality rates decreased three-to four-fold in subjects aged 40 years, but less than two-fold for subjects aged 80 years.
The age-specific mortality rates relative to the year 2010 are also illustrated in figure 4 . In both men and women, the rates increased exponentially with age and they are always greater in men compared to women. The male-to-female RR significantly varies with age, men having a two-fold greater risk of dying of CLRDs than women at 40 years old, and up to 3.5-fold at the age of 70 years (figure 5).
Discussion
The main results of the analyses are as follows.
1) COPD (including emphysema and chronic bronchitis) is the main contributor of CLRD mortality in
Italy, causing about 97% of total CLRD deaths, while asthma accounts for about 2% of CLRD deaths. Birth cohort 1896-1900 1901-1905 1906-1910 1911-1915 1916-1920 1921-1925 1926-1930 1931-1935 1936-1940 1941-1945 1946-1950 1951-1955 1956-1960 1961-1965 1966-1970 1971-1975 35 1900 1901-1905 1906-1910 1911-1915 1916-1920 1921-1925 1926-1930 1931-1935 1936-1940 1941-1945 1946-1950 1951-1955 1956-1960 1961-1965 1966-1970 1971-1975 2) Despite the overall number of deaths from CLRDs have been stable (in men) or increasing (in women), the age-adjusted CLRD mortality rates have been steadily decreasing from 1980 to 2010. 3) From 1980 to 2010, the average relative annual decrease in mortality rates was −3.6% in men and −2.7% in women; however, since the end of the 1990s, the decreasing trend of CLRD mortality has started to level off, in particular in women. 4) The decrease in CLRD mortality rates has been more accentuated in more recent cohorts and in younger age groups.
In this study, we analysed the trends in mortality from CLRDs, which pool together the deaths caused by a group of different pathologies: COPD (including emphysema and bronchitis), asthma and bronchiectasis. The use of a broad definition such as CLRDs as an outcome is deliberate, as it helped to compare data collected from 1979 to 2010, through different ICD revisions (e.g. asthma, emphysema and bronchitis have the same code in ICD-9 basic tabulation, while they are separate in the detailed full ICD-9 and ICD-10 lists), and to reduce issues of misclassification. In fact, it is not easy for physicians to make differential diagnosis between these diseases because they are strongly related, share common symptomatology and risk factors, and tend to overlap, especially in the most severe cases. Asthma-COPD overlap syndrome (ACOS) affects a substantial part of the population, which is more likely to be admitted to hospital and to have respiratory symptoms and physical impairment when compared to asthma or COPD alone [3]. Looking at the specific ICD codes, 97.3% of deaths from CLRDs were provoked by COPD (including emphysema and chronic bronchitis (ICD-10 J40-J44)) and 0.4% by bronchiectasis ( J47), while asthma ( J45-J46) accounted for the remaining 2.3% of deaths. Therefore, it can be realistically assumed that the trends in CLRD mortality observed in this study are almost exclusively driven by COPD.
Recent studies have highlighted that, despite that the ASRs of COPD have fallen significantly worldwide in the last 20 years, COPD has passed from the fourth to the third most common cause of death at global level [1] . In agreement with this, our results show that the total number of deaths from COPD in Italy remained stable in men and even increased in women, despite the age-adjusted rates of COPD mortality significantly decreasing in the last 30 years. Similar trends were shared by other European Union (EU) countries and Japan [12, 13] . As noted by BURNEY et al. [1] , the apparent paradox of the decreasing ASRs and increasing numbers of death can be easily explained by the modification in the age structure of the population. In fact, life expectancy has improved in Italy, and the proportion of elderly people, who have greater mortality rates for COPD, has considerably increased in the last 30 years. For example, the population aged >65 years in Italy passed from 13% to 20% of the total population (+50%), and the population aged >80 years passed from 2.2% to 5.9% (+160%). Given that the ASRs in mortality have begun to level off, while the ageing of the Italian population is still ongoing, the number of deaths from COPD will probably not diminish in the next decades. Moreover, as COPD mortality has declined less than mortality from other causes, the proportion of people dying of COPD is likely to grow in forthcoming years.
The temporal trends of COPD mortality are driven by the combined effects of age, time period and birth cohort effects. These effects are proxies of underlying secular changes that occurred in Italy, including changes in demographic factors, lifestyles and healthcare. In particular, the age effect provides information on the different rates of mortality across different age groups; cohort effects are longitudinal, as they highlight possible differences in the spread of risk factors, such as smoking habits or healthier lifestyles, across different birth cohorts. Conversely, time period effects are cross-sectional, reflecting changes in screening practices, diagnostic techniques or disease classification that involve all age groups simultaneously.
In the period between 1978 and 2010, the average relative annual decrease (drift) in age-adjusted mortality rates has been −3.6% and −2.7% in men and women, respectively; this means that in the last 30 years, the rates have dropped of nearly three-and two-fold, respectively, in men and in women.
Smoking is the most important and modifiable aetiological factor for the development of COPD. About 50% of lifelong smokers develop COPD, compared with only 10% of never-smokers [14] . The prevalence of lung function abnormalities and of respiratory symptoms is higher in smokers, who suffer from a faster decline of forced expiratory volume in 1 s than nonsmokers. The consumption and the prevalence of cigarette smoking steadily increased, especially in women, reaching a peak in the late 1970s, when they progressively started to decrease [15, 16] . The prevalence of current tobacco smoking in the Italian population aged 14 years and over dropped from 35% to 23% from 1980 to 2010 (figure 6). This trend was mainly driven by men, among whom the prevalence of current smokers fell from 54% to 29%, while the prevalence remained stable at 17% in women during the same period [17] . The reduction in smoking initiation and consumption, especially in men, is likely to be a major contributor to the fall in mortality rates in more recent birth cohorts [13] . Moreover, the greater attention payed in recent years to the damage from second-hand smoking might also have contributed to the decrease in COPD exacerbations and mortality in nonsmokers [18] . Independently from cigarette smoking, occupational exposures are thought to be responsible of about 15-20% of all COPD cases [19] . The social-economic transition of Italy, with fewer people occupied in at-risk jobs such as mining, agriculture, or the textile and chemical industries, and the improvement in work safety policies may have reduced, especially in men, the exposure to airborne pollutants, thus contributing to the remarkable reduction in COPD mortality observed in the last 30 years.
Viral and bacterial infections are the most common cause of COPD exacerbations, and accelerate the decline in lung function that characterises COPD [20] . The prevention of infections through the increasing spread of vaccination campaigns for seasonal influenza and colds in the elderly population, and the improvement of healthcare and hygienic conditions both in households and hospitals may have greatly contributed to a reduction in COPD mortality.
Moreover, evidence suggests an important role in early-life factors in the development of COPD in later life, and some researchers have suggested that the proportion of the risk of COPD attributable to early-life environmental factors may be as great as that attributable to smoking [21] . It has been reported that airway function is significantly diminished in adults born with low birthweight or who had respiratory infections in infancy [21, 22] . Improvements in perinatal nutritional and hygienic conditions in cohorts born more recently may have influenced the long-term function of the lungs in the offspring, reducing their risk of developing CLRDs in adult age.
COPD mortality rates increase exponentially with age, reflecting the accumulation of exposures with passing years, the physiological deterioration of the lung function and the increased vulnerability to pathogens given by the weakening of the immune system. The rates of mortality were considerably higher in men than women. One of the reasons for this difference might be the different occupational exposure to noxious agents and the higher prevalence of cigarette smoking in men. Recent reports highlight that the differences in smoking habits between men and women has been continuously reducing in recent decades in Italy [17] . This figure might explain, at least in part, why the drop in COPD mortality has been more striking in men than women in the last 30 years. The "gender equalisation" in smoking habits will be also likely to influence future trends in COPD morbidity: in fact, women may become more susceptible than men to developing COPD when exposed to risk factors such as tobacco smoking, reducing the differential of COPD mortality between the sexes.
As previously mentioned, the trends in age-standardised mortality in men and women reported in Italy are similar in other EU countries, such as Germany, Belgium and Spain [13] . This suggests that APC effects observed in Italy might be similar to those of other countries, even if generalisation from Italy to other EU countries must be done with extreme caution, considering that EU countries have quite different demographic, sociological and economic profiles.
A limitation of this study is that trends were not further controlled for other potential confounding factors, because of the absence of data for relative age groups and time periods.
This study used the WHO cause of death query online application, which includes complete aggregate data about the underlying cause of deaths from 117 countries. The underlying causes of death were defined as "the disease or injury which initiated the train of morbid events leading directly to death" and were codified according to the standardised ICD. The underlying causes of deaths data are potentially biased by incomplete records. Moreover, as deaths often result from a complex interaction between multiple diseases and factors, the process of coding underlying causes of death involves some extent of misattribution or miscoding because it can be difficult, even for medically qualified staff, to identify a single underlying cause that originated the aetiological chain leading to death. A recent publication showed that it is likely that the real burden of COPD-related deaths is underestimated when evaluated based only on the underlying cause of death from death certificates [23] .
